days after exposure to the laser. These changes are discussed in relation to the laser power and exposure time and the arrest of haemorrhage from induced ulcers.
Endoscopic Nd YAG laser photocoagulation has been shown to be effective for the treatment of bleeding peptic ulcers in pilot clinical studies, l although reservations have been expressed about its safety. Recent experimental work has established which factors determine the safety and efficacy of this treatment and that good haemostasis can be achieved with acceptable degrees of tissue damage.3 4 This paper documents the histological features of the changes produced experimentally in the stomach wall from a few minutes to 35 days after exposure to the laser. These changes are discussed in relation to the laser power and exposure time and the arrest of haemorrhage from induced ulcers.
Methods
We used the MBB Medilas Nd YAG laser system in these experiments. This is a continuous wave laser with a maximum output of 90 w and can be adjusted to give pulses of a fixed duration from 0 1-5 seconds. The arrangement of the fibre transmission system for the laser beam, the experimental procedures and the morpholo ical methods used have been described previously. 5 Initial studies on the effect of the laser on normal tissue were performed by creating lesions on intact mucosa varying the laser power (from 25-75 w), the time of exposure (from 1-5 seconds) and the distance between the fibre tip and the tissue (from 5-20 mm). Haemostasis studies were carried out in heparinised animals on ulcers made in the stomach with a Quinton ulcer maker.6 These bleeding ulcers were treated with repeated pulses of various durations (from 0 1-1 second) and powers (from 25-90 w). All lesions produced on intact mucosa, laser treated ulcers and untreated control ulcers were identified by suture markers for later histological examination.
OBSERVATIONS ON TREATED MUCOSA
The descriptive terms used in this section are those in our earlier report.5
Normal mucosa: 30 minutes after laser treatment (acute lesions) The extent of change depended on the total energy applied, and varied from mild mucosal effects to changes extending through the full thickness of the external muscle layer. At 30 Joules, only detachment of the surface epithelium and in situ mucosal damage was seen. At higher energies, damage to the muscularis mucosae was followed by connective tissue 'burns' in the submucosa (Fig. 1) , and over 100 J, damage was seen in the external muscle layer in some sections. In the damaged submucosa, vessels were patent and had intact walls. There was no evidence of thrombosis but there was 914 No laser treatment
The histological appearance of these ulcers has been described previously. surface of the ulcer (Fig. 7) , although in some cases the edges of the ulcer were covered by a thin layer of regenerating epithelium (Fig. 8) (Fig. 9) . In some sections this extended through the full thickness of the external muscle layer (Fig. 10) . (Fig. 11 ). This sloughing of mucosa after four days and delayed healing may reflect partial thermal damage to the surrounding tissue, which impedes the growth of capillaries and proliferation of fibroblasts in the most severely damaged areas. If this explanation is correct, healing should be more rapid if the energy deposited in the tissue is less and our results support this. Lesions made on normal tissue with energies greater than 50 J showed mucosal sloughing at four days. Below 150 J the mucosal defect had healed by two weeks but at higher energies it had not. Also the ulcer which was still present after two weeks had been treated with five pulses of one second duration at 60 w (=300 J). We established that the optimum pulse duration was 03-0.5 seconds with pulse energies of 25-40 J3 and Fig. 8 shows an ulcer treated optimally and examined after one week. Healing in this case is comparable with that seen one week after Argon laser treatment and in untreated control ulcers as previously described,5 suggesting that the lower energy used may have enabled healing to take place at a normal rate. This ulcer also shows considerably less damage in the external muscle layer than the one treated with 300 J (Fig. 10) . The deep damage was often patchy, probably because of the higher proportion of the YAG beam that is scattered within the tissue, and was not seen with the Argon laser when the damage was limited to a narrow zone close to the exposed surface. In itself, patchy transmural scarring is probably not of significance as long as the Haemostasis results from thermal contraction of the walls of the bleeding vessel and of the surrounding tissue. Visible contraction of the tissue at the time of treatment was much more marked than with the Argon laser and in induced canine ulcers could be as much as 50% of the ulcer width, as shown in Fig. 12 . Such dramatic contraction is unlikely in a chronic ulcer in man, in which the crater is mostly scar tissue, but the same mechanism probably applies. Denaturing of proteins in plasma may play a part, but thrombi were never seen in blood vessels immediately after treatment (even in non-heparinised animals). They were, however, often seen in lesions examined four or more days later, suggesting that thrombosis occurs as a secondary phenomenon following a different primary haemostatic mechanism. The difference between effective and dangerous treatment energies is not as great with the Nd YAG as it is with the Argon laser, but in these experimental studies we have shown that careful choice of the laser parameters can produce excellent haemostasis without causing unacceptable tissue damage or delay in healing. The differences between the two lasers are summarised in the Table. A controlled clinical trial is now in progress for the endoscopic treatment of haemorrhage from peptic ulcers with the Nd YAG laser.
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